Aims. The quasar S4 0917+624 is one of the targets in the Urumqi flux density monitoring program, which aims to study the properties of intra-day variable (IDV) extragalactic radio sources. Methods. The IDV observations of S4 0917+624 were carried out monthly, from August 2005 to January 2010, with the Urumqi 25m radio telescope at 4.8 GHz. We analyze these and previous IDV observations to investigate the long-term IDV characteristics of S4 0917+624. We also study the long-term structural variability on milliarcsecond scales using VLBI maps obtained at 15 GHz (taken from the MOJAVE database) in order to search for a possible relation between variations in the IDV pattern and the source structure. Results. The quasar S4 0917+624 exhibits only very weak or no IDV during our 4.5 year observing interval. Prior to the year 2000, the source S4 0917+624 was one of the most prominent IDV sources. Our new data indicate that the previous strong IDV has ceased. We analyzed the long-term VLBI structural variability using Gaussian model-fitting. From this we obtained the flux densities and the deconvolved sizes of core and inner-jet components of the source. We studied the properties such as core fraction, angular size, spectral index, and brightness temperature of VLBI core for S4 0917+624, as well as the time delay between 5 and 15 GHz variations, and compared them with the IDV properties of S4 0917+624. The source shows ejection of several jet components that are suspected to have partially reduced the IDV amplitude of S4 0917+624. However, during 2005-2006, the VLBI core size was comparable to the size before the year 2000, but no strong IDV was detected in the period, suggesting that the quenching effect due to source size changes may not be responsible for the lack of strong IDV after the year 2000. The refractive scattering properties for the strong IDV phase of S4 0917+624 before the year 2000 are discussed.
Introduction
Intra-day variability (IDV) of active galactic nuclei (AGN) at centimeter wavelengths was discovered in the 1980s (Witzel et al. 1986; Heeschen et al. 1987 ). Significant IDV mainly occurs in flat spectrum radio sources, which belong to the class of radio-loud core-dominated AGN. Statistical studies suggest an IDV rate of 25%-50% in these flat-spectrum radio sources (Quirrenbach et al. 1992; Lovell et al. 2008) and an even higher rate of ∼60% in gamma-ray bright Fermi blazars (Liu et al. 2012a) . From the beginning of the discovery of IDV, both source-intrinsic and -extrinsic mechanisms were proposed to explain the IDV (see Wagner & Witzel 1995 for a review). In the source-intrinsic explanation, the flux variability on timescales of less than one day would imply very small sizes of the emitting regions and very high brightness temperatures (e.g. 10 19 K for S4 0917+624, see Quirrenbach et al. 1989; Qian et al. 1991) , seven orders of magnitude greater than the inverse-Compton limit of 10 12 K (Kellermann & Pauliny-Toth 1969) . These high brightness temperatures can only be reconciled with the inverseCompton limit, assuming strong relativistic Doppler-boosting, with Doppler factors larger than ∼ 100. Such high Doppler factors are not seen in VLBI. Alternatively, source extrinsic propagation effects, e.g. the interstellar scintillation (ISS) caused by the intervening line-of-sight material in our Galaxy, could be responsible for the observed IDV of compact sources (Rickett et al.1995; Rickett 2007) . In order to better understand the longterm behavior of IDV sources, we carried out an IDV monitoring program for a number of IDV sources, including quasar S4 0917+624 at the 6 cm band from August 2005 to January 2010 with the Urumqi 25 m radio telescope in Xinjiang Astronomical Observatory, China.
The quasar S4 0917+624 (OK 630, z=1.453 ) was one of the first strong IDV sources found (Heeschen et al. 1987 ) with high variability amplitudes of ∼10-15% occurring on timescales of ≤1 day. Jauncey & Macquart (2001) and Rickett et al. (2001) analyzed IDV data of S4 0917+624 and find a systematic vari-ation of the variability timescale over the year. This effectknown as the annual modulation of IDV -is caused by the Earth orbiting around the Sun and corresponding systematic variations of the Earth velocity vector with respect to the stationaryassumed scintillating pattern. For more examples of the annual modulation of the IDV timescales, see Dennett- Thorpe & de Bruyn (2000) ; Bignall et al. (2003 Bignall et al. ( , 2006 ; Gabányi et al. (2007) ; Marchili et al. (2012) ; Liu et al. (2012b Liu et al. ( , 2013a .
In September 1998 the previously strong IDV of S4 0917+624 changed and suddenly became weaker (Kraus et al. 1999) . This may be due to a prolonged variability timescale, which in the ISS model for S4 0917+624 is expected to appear in September (Rickett et al. 2001) . The IDV started again in February 1999; however, from September 2000 to 2001 the IDV of S4 0917+624 then ceased completely Kraus et al. 2003) . The intermittency of IDV in S4 0917+624 may be due to changes in the interstellar medium properties and/or caused by an increased size of the scintillating components (Narayan 1992; Walker 1998; Krichbaum et al. 2002) . Liu et al. (2013b) studied the total flux densities and spectral index of S4 0917+624, and found that the source spectral index became slightly steeper after the year 2000, implying that the source may become less core-dominated after 2000. A correlation between source spectral index and the ISS characteristics was found in a large sample of 140 sources by Koay et al. (2011) . IDV sources may also be more variable intrinsically on longer timescales than non-IDV sources (Peng et al. 2000) . However, high-resolution VLBI data are required to study whether variations in the source structure play a role in the variation of the IDV pattern of S4 0917+624.
In section 2, we analyze our results from the Urumqi flux density monitoring observations together with previous IDV data of S4 0917+624; in section 3, we study the long-term VLBI structural variability of the source; in section 4, we discuss whether an overall relationship between rapid flux density and structural variability exists.
Urumqi observations and data reduction
We carried out IDV observations of S4 0917+624 approximately once a month at 4.8 GHz from August 2005 to January 2010 with the Urumqi 25 m radio telescope, in dual polarization with the central frequency of 4.8 GHz and bandwidth of 600 MHz. The typical system temperature is 24 K in clear weather, and the antenna sensitivity is ∼0.12 K/Jy.
The IDV observations were performed in cross-scans mode, consisting of eight sub-scans in azimuth and elevation over the source position. After initial calibration of the raw data, the intensity profile of each sub-scan was fitted with a Gaussian function after subtracting a baseline; then the fitted scans were averaged in azimuth and elevation. After this, a correction for residual pointing errors was made and the elevation and azimuth scans were averaged together. In the next step an antenna gainelevation correction was applied, including a correction for airmass. The antenna gain-elevation correction was derived from frequent observations of secondary calibrators observed during each observing run. These calibrators were then also used to correct the data for systematic time-dependent effects. Finally, the raw amplitudes were converted to the absolute flux density using the average scale of the primary calibrators, e.g. 3C48, 3C286, and NGC7027 (Baars et al. 1977; Ott et al. 1994) . The duration of each IDV monitoring session is about 3 days, with typically one sample per hour for each target source (where a sample is a set of eight sub-scans), from Table 1. For the data analysis, we use the statistical quantities, such as the modulation index m (a measure of the amplitude of the variations); the variability amplitude Y, which is unbiased to the systematic calibration uncertainty; and the reduced chi-squared χ 2 r , to describe the variability as shown below (see also Kraus et al. 2003) ,
where σ s is the standard deviation of flux densities from the mean flux density in a light curve, < S > is the mean flux density in the light curve, m 0 is the mean modulation index of all secondary calibrators in the same observation, N is the number of measurements in the light curve, and S i and ∆S i denote individual flux density and its error.
Result from Urumqi observations of S4 0917+624
In order to ascertain whether or not IDV is present, we applied a χ 2 test to each data set. We adopt the criterion that a data set with a probability of ≤ 0.1% of being constant is considered to be variable, which is equivalent to the confidence level of 99.9% to define the IDV. From this analysis, we find that the source S4 0917+624 shows IDV in only 6 sessions, and does not show IDV in 24 sessions in Table 1 . It may also be useful to look at the ratio of the variability index m to the mean modulation index of calibrators m 0 (treated as 1-σ): only two sessions show IDV at a 3-σ level and six sessions show IDV at greater than 2.5-σ. We therefore conclude that the strong IDV of S4 0917+624, which was frequently observed before the year 2000, was not present during our observations. As an example we show in Fig. 1 To estimate the variability timescale from the six detected weak IDV light curves (null probability <0.001 as defined above), we applied the structure function D(τ) method (Simonetti et al. 1985) . In the first-order structure function, the shortest characteristic variability timescale is located at the first plateau where the structure function saturates. A structure function D(τ) that monotonically increases with time lag can be described by a power law. The shortest variability timescale is then defined by the intersection of this power-law fit with a horizontal line, which fits the plateau (see Marchili et al. 2012; Liu et al. 2012b) . In the present paper, for consistency we used the Rickett et al. (1995 Rickett et al. ( , 2001 ) definition of IDV timescale, which is defined at half of the D(τ) saturation level, i.e. τ 0.5 , in Table 1 and in the Appendix. Since the plateau or saturation level sometimes is not well defined for the weak IDV, the estimated timescale is only tentative for the Urumqi data in Table 1 .
The results derived from the 30 observing sessions of S4 0917+624 are shown in Table 1 , the columns are: (1) observing epoch; (2) the duration of observation; (3) the number of effective data points; (4) the mean flux density; (5) the rms flux density; (6) the modulation index m of S4 0917+624; (7) the mean modulation index of calibrators; (8) the relative variability amplitude Y; (9) the IDV timescale with Rickett et al. definition; (10) the reduced chi-square; (11) the null (non-variability) probability; (12) the ratio of the modulation index to the mean modulation index of calibrators.
Historical IDV characteristics of S4 0917+624
In the Appendix we list the results of previous IDV observations for S4 0917+624 (1988-2004) taking from the literature. The total flux density, rms flux density, and the modulation index of IDV in S4 0917+624 at ∼5 GHz, together with the Urumqi data from August 2005 to January 2010, are shown in Fig. 2 . It is obvious that after the year 2000, the IDV of S4 0917+624 is very weak or has ceased. Using the IDV data before 2000 (shown in the Appendix) we obtain the following results: the total flux density shows no correlation with the modulation index; the rms flux density shows a correlation with the modulation index; and the IDV timescale shows no correlation with either the total flux density or the modulation index. The total flux density from the Urumqi observations shows a monotonous increase over the 4.5 years, and during this time the IDV of S4 0917+624 has been mostly quenched. We confirm the lack of strong IDV after the year 2000. We note, however, that some weak IDV is present in six epochs of the Urumqi observations (Table 1 ) and may also be in some epochs during [2003] [2004] in the Effelsberg data (Bernhart 2010 , see the Appendix). Before the year 2000 (see Fig. 2 and the Appendix), the source frequently showed strong IDV, but we note that times exist during which the IDV was also weak (e.g. in April 1993 and in September 1998). This implies some intermittency of the IDV of S4 0917+624 also appeared before the year 2000. 
Long-term VLBI structure changes of S4 0917+624
The radio image of S4 0917+624 appears point-like on kpc scales, and VLBI images at 5 GHz reveal a one-sided core-jet structure (Standke et al. 1996; Gabuzda et al. 2000) . A comparison between the IDV strength and structural changes observed with VLBI may help to explain and understand the substantially reduced IDV amplitudes after the year 2000. The IDV of S4 0917+624 was mainly observed at 5 GHz in the past, unfortunately the source was not regularly monitored with VLBI at 5 GHz. However, the source has been monitored with the VLBA at 15 GHz since 1995 (MOJAVE program, see Lister et al. 2009 ). The 15 GHz VLBI data have a higher angular resolution than at 5 GHz, and are suitable for the study of the structural evolution of the compact components in S4 0917+624. We downloaded the calibrated data (January 1995 to November 2010) of S4 0917+624 at 15 GHz from the MOJAVE database and fitted the source structure using Gaussian components within the DIFMAP package. Figure 3 shows an example of a VLBA image at 15 GHz. The jet features were fitted with several circular Gaussian components, with the VLBI core (C0) registered at the southernend of the jet-like brightness distribution. Each data set was model-fitted several times to obtain a better error estimation. The typical errors are ∼5% for flux density and ∼0.05 mas for angular size and position of the fitted VLBI components, respectively. For their cross-identification in the maps obtained at different epochs, we used the VLBI core as the reference point and assumed that it is stationary. With this method we identify the jet components at different epochs through their distances from the VLBI core, their flux densities, sizes, and relative position angles. The resulting identification is similar to that described in Lister et al. (2013) .
In Fig. 4 , we show the proper motion of the jet components with respect to the stationary assumed VLBI core component. The back-extrapolation of the motions of the jet components C3, C4, C5, C6, C8, and C9 to zero-separation from the VLBI core results in approximate ejection epochs around 1986. 1, 1992.3, 1995.8, 1997.2, 2004.2, and 2001.8 . In Table 2 we summarize the kinematical parameters of the jet components at 15 GHz. For the determination of the apparent speeds, we adopt ΛCDM standard cosmology, with the following parameters: H 0 = 71 kms
Mpc −1 , Ω M = 0.27, and Ω Λ = 0.73. Taking into account the opacity effect (Sokolovsky et al. 2011; Pushkarev et al. 2012) , we note that the ejection time of a jet component may be delayed at 5 GHz when compared to that at 15 GHz. Furthermore, it is found that there are helical jet trajectories from the inner to outer jets, but the inner jets can be fitted quasi-linearly (Bernhart 2010) . In our model-fittings of S4 0917+624, 14 components are registered as listed in Table 2 , the core and inner-jet components are mostly within 1 mas scale. We note that for some components (C7, C10, C11, C12, C13, C14) the identification remains tentative because of the lack of data. The other components, however, are well traced by their systematic proper motions. The component C14 may be related to C5 or C7. The VLBI components that might affect the IDV behavior of the source should be strong and compact (e.g. see Lee et al. 2008) . Therefore only the core and compact inner-jet components will contribute substantially to the overall scintillation pattern of the source. In the following, we will not consider the diffuse/weak components C1, C2, C3, C4, C10, C11 (with mean flux < 0.05 Jy in Table 2 ) and component C7 (which is quite weak and not well identified).
The components C5 and C6 were ejected in 1995.8 and 1997.2 respectively at 15 GHz, and both are quite strong in flux density. An emerging component can lead to an expansion of the apparent core size, at a time when it is not yet well separated from the core. An increased 'core size' could reduce the IDV amplitude (Walker 1998; Krichbaum et al. 2002) . The weak IDV in September 1998 might be due to component C5 being ejected in 1995.8, if C5 was still blending with the core at 5 GHz. Afterwards from September 2000 to 2001, the IDV of S4 0917+624 ceased completely Kraus et al. 2003) , which might have been caused by C6 being ejected in 1997.2. The components C9 and C8 were ejected in 2001.8 and 2004.2, both are strong in flux density. The component C8 exhibits a higher apparent velocity of β app = (10.2 ± 0.5)c than component C9 of β app = (3.7 ± 0.9)c. The components C9 and C8 might have partially reduced the IDV of S4 0917+624 after 2003. Pushkarev et al. (2012) estimated the VLBA core shifts between 15.4 GHz and 8.1, 8.4, 12. 1 GHz for the MOJAVE sources. With their result for S4 0917+624 and the relation of core shift versus frequency r c ∝ ν −1 (see Pushkarev et al. 2012) , the core shift between 15 and 5 GHz can be estimated, and then with the proper motion listed in Table 2 we estimate the time delay for the components C5, C6, C8, and C9 are of 1.4±0.2, 1.7±0.4, 1.1±0.1, and 3.1±1.5 years, respectively, between 15 and 5 GHz.
The ratio ( f c ) of the flux density of VLBI component to source total flux density shows that the 15 GHz VLBI core has flux ratios of f c ∼28%-88%, and nearly half of the inner-jet components within 1 mas from the core have f c > 25%. In Fig. 5b the flux ratios for the VLBI core and inner-jet components with f c > 25% are plotted. We note that the flux ratio of the VLBI core is generally higher after the year 2000.
In Fig. 5c , the angular sizes of the VLBI core and main innerjet components versus time are illustrated. The angular size is defined as the FWHM of the fitted circular Gaussian (in some epochs the core was better fitted by an elliptical Gaussian, for which we use the geometrical mean of the major and minor FWHM). , and no strong IDV has been observed during this period. It is also helpful to fit the broad 'core region' (see Fig. 3 ) with a single elliptical Gaussian model rather than with multiple components; the resulting size evolution in Fig. 5d is similar to the trend seen for the inner-jet components.
Discussion
The VLBI images of S4 0917+624 at 5 GHz show a ∼60-70% of total flux density in the core region (< 1 mas) at 5 GHz (Standke et al. 1996; Gabuzda et al. 2000) . The core region is resolved into a 15 GHz core and inner jets (see Fig. 3 ), with a lower core fraction (Fig. 5b) at 15 GHz than that of ∼60-70% at 5 GHz. Rickett et al. (1995) made a detailed and sophisticated analysis of S4 0917+624 during its phase of large-amplitude IDV. The results of the detailed modeling with the refractive ISS (RISS) by Rickett et al. (1995) show that the scintillating component of S4 0917+624 at 5 GHz has an angular size of ∼ 70 µas with flux fraction of ∼ 44%, under the brightness temperature of ∼ 6 × 10 12 K. Assuming the scintillating component resides in the VLBI core, for the modulation index m s of the scintillating component with the flux fraction f s , and the modulation index of total flux density m, we have
where θ r is the angular size of refractive scattering disk and θ s is the size of scintillating source component (see e.g. Rickett et al. 1995; Walker 1998) .
For a point source (i.e. θ s = θ r ), by taking the value m ∼ 5.5% in the episode strong IDV phase before the year 2000 (in the Appendix) and f s = 44%, we have m s ∼ 13%. This is much lower than the value of m p ∼ 50% for a point source estimated by Rickett et al. (1995) , implying that the scintillating component of S4 0917+624 is not a point source, i.e. the size of the scattering disk is < 70µas of the scintillating component. Such small angular size was not resolved in the 5 GHz VLBI observations (Standke et al. 1996; Gabuzda et al. 2000) , but from the deconvolved core size in the model fitting on the 15 GHz VLBA data, a higher resolution of ∼ 100µas at 15 GHz was estimated in some epochs (Fig. 5c ) for S4 0917+624. It is possible that changes in a very high brightness (≤ 100µas) component embedded in the core region could be related to changes in the ISS. Such high radio brightness of AGN cores has been reported to be significantly above the known inverse-Compton limit in the Radioastron space VLBI observations (Kovalev 2014) . Liu et al. (2013b) noted that the spectral index between 5 and 15 GHz (defined as S ∝ ν +α ) became slightly steeper, being in the range -0.1 to 0.2 before the year 2000, and -0.3 to -0.1 after 2000. This may have been caused by the new jet components C6, C8, and C9 evolved after 2000. The jets usually have steeper spectral indices. In Fig. 5b , the core fraction at 15 GHz increased after the year 2000, implying that the 15 GHz VLBI core may blend with inner-jet components that were not resolved with the 15 GHz VLBI yet. The VLBI core size can be enlarged owing to the unresolved inner jet, and could partially quench the IDV of S4 0917+624, e.g. for the VLBI core size increased in ). However in 2005-2006 the VLBI core size is comparable to that before 2000, and it is difficult to explain why there was no strong IDV in this period. Hovatta et al. (2014) investigated the spectral indices of the MOJAVE sources observed at 8. 1, 8.4, 12.1, and 15.4 GHz with the VLBA, in which the VLBA core of S4 0917+624 on 9 August 2006 showed very flat spectral index (0.04) as well as three inner jets (≤ 0.5 mas from the core) with flat spectral indices |α| < 0.1. This flat spectrum core would be able to scintillate, but no IDV has been found from the Urumqi observation in August 2006 (see Table 1 ).
The position angle changes of source components may also affect the scintillation (Liu et al. 2012b) . We find that the position angles (PA) of the 15 GHz VLBI core and inner jets changed a few degrees to the west after the year 2000 (Fig. 6) , and this could induce an apparently larger core size in projection. This effect may be significant if the scintillating component is extremely anisotropic. In January 2010, the PA of the 15 GHz VLBI core returned back to ∼ -46
• , but no strong IDV was detected, suggesting that the quenching effect due to the small PA changes is not significant for this source.
The intra-day flux variations of S4 0917+624 showed no time delay from different radio bands (Rickett et al. 1995) . Longterm variations of AGN have shown time delays of a few tens of days between different radio bands (Fuhrmann et al. 2014) . With the radio light curves of S4 0917+624 at 4.8 GHz and 14.5 GHz from the UMRAO data, as well as the data from the 5 GHz IDV observations in Table 1 and the Appendix (see Fig. 5a ), we estimated an upper limit of ∼ 1 year for the time delay between the 15 and 5 GHz with the cross correlation analysis. This upper limit is close to but lower than that from the core shift estimation in the previous section. And we should note that both the VLBA data at 15 GHz and the IDV data at 5 GHz are relatively sparse and do not exactly match each other in time. This might prevent us from detailed comparison of the VLBI structure changes and the IDV evolution; for instance, there are no IDV data around the VLBA observations during 1995.0-1997.5. After the year 2000, however, it is evident that the IDV characteristics in Fig. 5e and Fig. 5f have no correlation with the VLBI structural changes in Fig. 5b to Fig. 5d , although there are weak IDV in three epochs from August 2005 to June 2006 (see Table 1 ) when the 15 GHz VLBA core size is relatively small (see Fig. 5c and also the images in the MOJAVE webpage 1 ). The disappearance of strong IDV in S4 0917+624 after the year 2000 cannot be fully explained with the quenching mechanism via changes of core size in the source, as discussed above. Bernhart et al. (2006) studied the VLBI kinematics of S4 0917+624 with data during 2000-2007 at 5, 15, and 22 GHz, and also did not find clear correlation between the IDV properties and VLBI structure. The disappearance is likely caused by a change of ISM scattering properties, e.g. with the passage of scattering material out of the line of sight to the quasar, as discussed for the fast IDV source J1819+3845, which also ceased at some time in the period between June 2006 and February 2007 (de Bruyn & Macquart 2014 , and for the intermittent IDV source PKS 0405−385 (Kedziora-Chudczer 2006) .
To identify the possible scattering materials located in the foreground of S4 0917+624, which has the distance ∼ 200 pc estimated with the shortest timescale in the Appendix by Rickett et al. (1995 Rickett et al. ( , 2001 , we have compared the source position with existing data archive of various ISM materials (e.g. radio loops and dust emission). The source lies on the border of Loop-III (Berkhuijsen et al. 1971 ) about 150-200 pc from us, as well as on the local enhancement of IRAS dust emission, which may be formed by interactions of radio loops with the ambient medium or with other structures. The consequence of such a collision is a dense turbulent local structure, which is responsible for the required enhanced scattering material producing ISS (Linsky et al. 2008) . Ramachandran et al. (2006) found that the smallscale properties of the intervening plasma as it drifts through the sight line is evident with dispersion measure variations of pulsar timing, which causes the refractive scintillation timescales from days to months. However, further studies on the interstellar weather toward S4 0917+624 are required, e.g. with multifrequency single dish and VLBI polarimetry to measure Faraday rotation and possibly detect variations of the rotation measure in the foreground screen (e.g. see Gabányi et al. 2009) , and with spectral line observations (Malamut et al. 2014 ) and the observation of pulsars near the line of sight to detect the ISM intermittency, which could be related to the changing IDV pattern.
Summary and conclusion
We presented the result of S4 0917+624 observed with the Urumqi 25 m telescope from August 2005 to January 2010. The quasar exhibits almost no IDV in our observations, which is in contrast with the previous pronounced IDV before year 2000. We also analyzed the long-term VLBI structural variability by using Gaussian model-fitting of the 15 GHz VLBA data, and obtained the flux densities and the deconvolved sizes of core and inner-jet components of the source. The source shows ejection of several jet components that are suspected to have partially reduced the IDV amplitude of S4 0917+624. However, during 2005-2006, the VLBI core size was comparable to the size before the year 2000, but no strong IDV was detected in the period. We studied the properties such as core fraction, angular size, spectral index, and brightness temperature of VLBI core for S4 0917+624, as well as the time delay between 5 and 15 GHz variations, and compared these values with the IDV properties of S4 0917+624. With the current data, the vanishing strong IDV in S4 0917+624 after the year 2000 cannot be explained via the quenching effect by changes in the observable VLBI structure. However, it may be caused by changes in the interstellar medium, i.e. by interstellar weather, which induces changes in the scintillation pattern on timescales of several years. The refractive scattering properties for the strong IDV phase of S4 0917+624 before the year 2000 have been discussed. Further coordinated multi-frequency observations will be required to distinguish between the effect of source-intrinsic variability and changing properties of the interstellar medium.
